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^ (57) Abstract: A sensor for a selected analyte in a test sample has (a) a semipermeable membrane with pores for retaining the 
analyte, where the membrane has been chemically modified by attachment of membrane modifiers; (b) immunoassay labels which 
Q have label binding ligands where these label binding ligands will have a binding affinity for the membrane modifiers in the presence 
^ of the analyte, and a measurably different binding affinity for the membrane modifiers in the absence of the analyte; and (c) a label 
^ detecting system, for detecting the presence of the labels on the membrane. 
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Disclosure of Invention 

Accordingly, it is an object of this invention to selectively detect a wide range of target species, with a high 
degree of sensitivity. 

It is a further object of this invention to selectively detect a wide range of target species, with a short processing 

5 time. 

It is a further goal of this invention to improve sensitivity to 100 to 1000 times that of the current laboratory 
standard enzyme-linked immunosorbant assay (ELISA), with processing times at least 10 times shorter than BUS A. 

These and additional objects of the invention are accomplished by the structures and processes hereinafter 
described. 

10 An aspect of the present invention is a sensor for a selected analyte in a test sample having (a) a semipermeable 

membrane with pores for retaining the analyte, where the membrane has been chemically modified by attachment of 
membrane modifiers; (b) immunoassay labels which have label binding ligands where these label binding ligands will 
have a binding affinity for the membrane modifiers in the presence of the analyte, and a measurably different binding 
affinity for the membrane modifiers in the absence of the analyte; and (c) a label detecting system, for detecting the 

1 5 presence of the labels on the membrane. 

Another aspect of the invention is a method for detecting an analyte in a test sample, having the steps: (a) 
modifying a side of a semipermeable membrane, the membrane having pores for retaining the analyte, with membrane 
modifiers; (b) placing the test sample in contact with the membrane on the side of the membrane with the membrane 
modifiers; (c) drawing the test sample through the membrane, osmotically or with the application of differential pressure 

20 across the membrane, so that any analyte present in the test sample is drawn towards the modified membrane surface; 

(d) disposing immunoassay labels on the side of the membrane with the membrane modifiers, where these labels have 
label binding ligands where these label binding ligands will have a binding affinity for the membrane modifiers in the 
presence of the analyte, and a measurably different binding affinity for the membrane modifiers in the absence of the 
analyte; and (e) detecting the presence of the immunoassay labels on the membrane. 

25 

Brief Description of Drawings 

A more complete appreciation of the invention will be obtained readily by reference to the following 
Description of the Preferred Embodiments and the accompanying drawings in which like numerals in different figures 
represent the same structures or elements, wherein: 
30 FIG. 1 is a schematic representation of a membrane for a preferred embodiment of the invention. 

FIG. 2 is a schematic representation of a preferred embodiment of the invention. 

FIG. 3 is a schematic representation of a fluid handling system for a preferred embodiment of the invention. 
FIG. 4 is a schematic representation of a preferred embodiment of the invention using the force differentiation 
assay as the labeling and detection technique. 

35 

Modes for Carr ying Out the Invention 

The term test sample, as used herein, refers to a material suspected of containing the analyte. The test 
sample can be used directly as obtained from the source or following a pre-treatment to modify the character of the 
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2 (HTLV); hepatitis B e antigen (HBeAg); antibodies to hepatitis B e antigen (Anti-Hbe); thyroid stimulating hormone 
(TSH); thyroxine (T4); total triiodothyronin (Total T3); free triiodiothyronin (Free T3); carcinoembryoic antigen (CEA); 
and alpha fetal protein (AF); and drugs of abuse and controlled substances, including but not intended to be limited to, 
amphetamine; methamphetamine; barbituates such as amobarbital, seobarbital, pentobarbital, phenobarbital, and barbital; 
5 benzodiazepines such as librium and valium; cannabinoids such as hashish and marijuana; cocaine; fetanyl; LSD; 
methapualone; opiaets such as heroin, morphine, codine, hydromorphone, hydrocodone, methadone, oxycodone, 
oxymorphone and opium; phencyclidine; and propoxyhene. The term analyte also includes any antigenic substances, 
haptens, antibodies, macromolecules and combinations thereof. 

Preferably, the pore diameter of the membranes of the present invention is selected to retain the particular 
10 analyte of interest. Preferably, the pore diameter of the membranes of the present invention is selected to pass potential 
interferents that are smaller than the analyte of interest For some embodiments, it will be preferred that the pore diameter 
does not exceed 25 nm. For other embodiments, it will be preferred that the pore diameter does not exceed 10 nm. This 
is sufficient to retain most analytes of interest. For larger analytes of interest, e.g. bacteria, it will be preferred to have 
pore diameters on the order of about 100 nm, to retain bacteria but to pass viruses. For even larger analytes of interest, 
15 e.g. pollen, spores, and dust particles, it will be preferred to have pore diameters on the order of about 1000 nm, to retain 
these particles but to pass bacteria and viruses. 

Referring to FIG. 1 , in a preferred embodiment of the invention, a semipermeable membrane 10 has membrane 
modifiers 12 (typically antibodies) bound to the membrane through linkers 14. These linkers can be chosen from a wide 
range of linkers used in surface chemistry, but typically will be hydrophillic polymer films. The pores 16 preferably have 
20 nominal diameters less than 25 nm. 

The membrane modifiers may be the same across the surface of the membrane, or several different types of 
membrane modifiers may be patterned in an array, to allow for parallel processing within a single test vessel. 

Referring to FIG. 2, this membrane may be used to rapidly transport the analyte 18 to the binders if a differential 
or osmotic pressure is applied across the membrane. This pressure, from a pressure source (not shown) such as a pump, 
25 causes bulk flow from a volume on one side of the membrane 48 to a volume on the other side of the membrane 50, as 
indicated by the dashed arrows. If a differential pressure source is used (as distinct from osmotic pressure), the pressure 
may be positive or negative. That is, the pump may be configured to increase the pressure on the side of the membrane 
with the test sample, or to decrease the pressure on the distal side of the membrane. A labeled binder 20 is then used to 
sense the binding event using a detector (not shown in this figure). 
30 The labeled binders 20 may be the same, or several different types of labeled binders may be patterned used, 

typically in conjunction with a membrane patterned with several different membrane modifiers in an array, to allow for 
parallel processing within a single test vessel. 

Details of alternative assay configurations are described below. 

3 5 Ultrafiltration Membranes for Sensing 

The rate of a chemical reaction at a surface such as a membrane is controlled by at least three phenomena. First, 
the reactant must be transported to a surface, which is a process that can be controlled by diffusion or convection. If 
pressure is applied across the membrane, mass transport will be dominated by the convective flow of the sample towards 
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Methods of Preparing Activated Membranes 

The ultrafiltration membrane in this invention must be functionalized with a binder in order to act as a sensor. 
However, fouling is a phenomenon that will severely limit the use of ultrafiltration membranes for sensing. Protein 
fouling has been attributed to adsorption, pore plugging and cake consolidation. We have minimized the effect of protein 
5 fouling by executing the immunoassay on a dense hydrophilic polymer film that inhibits protein adsorption. In a 
preferred embodiment, the active surface of an Anopore membrane was coated with a dense layer of biotinylated poly 
(ethylene glycol) (PEG) using a polyethylene imine (PEI) adhesion layer (see Example 1). Many variations on this 
chemistry can be used: (i) The surface can be activated using several different approaches, e.g., silanization or thiolation. 
(ii) Other hydrophilic polymers could be used to inhibit protein adsorption, e.g., dextran. (iii) Other approaches to inhibit 

10 nonspecific protein adsorption are available, e.g., adsorption of proteins such as bovine serum albumin (BSA). The 
biotin-PEG functionalized membranes have the following advantages: (i) the membranes can be stored in a dry form 
for extended periods of time; (ii) the concentration of receptors on the membrane can be varied; (iii) the surface can be 
regenerated It is especially desirably to make these membranes reusable due to their cost 

Many types of binders can be immobilized on the membrane. Binders against specific analytes may be either 

15 directly or indirectly bound to a hydrophilic polymer film. Preferred binders include DNA oligonucleotides, PNA 
oligonucleotides, polyclonal antibodies and monoclonal antibodies. In a preferred embodiment, antibodies are 
specifically immobilized on the biotinylated PEG surface using antibody-streptavidin conjugates (see Example 3). 
Alternatively, binders may be directly bound to the hydrophilic polymeric films functionalized with N- 
hydroxysuccinimide (NHS), maleimide, or vinyl groups. For example, antibodies can be thiolated with N-succinimidyl 

20 S-acetylthioacetate and then reacted with oc-vinyl sulfone, (o-n-hydroxysuccimmide PEG, 3,000 MW functionalized 
polymers. There are of course many variations on this chemistry. 

Assay Methods 

The assay method will be composed of at least three steps: (i) preparation of the sample, (ii) reaction of the 
25 analyte at the membrane surface and (iii) detection of the binding events. 

Those skilled in the art will recognize that complex samples may require pre-purification and/or cellular 
disruption of bacteria. For example, we have found that immunoassays involving bacteria have superior sensitivity if 
the bacteria are disrupted using either chemical or mechanical means. In the preferred embodiment all samples would 
be exposed to ultrasonic power in the presence of inorganic particles (See Example 4 below). 
30 Those skilled in the art will realize that there are numerous configurations in which the analyte can be bound 

and detected. Three examples are described in schemes 1-3. 
Scheme 1: Direct Sandwich 
Capture membrane Complex 
Membrane-binder analyte - binder-label 

35 Membrane-biotin streptavidin-binder - analyte -binder-label 
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Scheme 2: Indirect Sandwich 
Capture inm.hn.rn Complex 

Membrane-bWer analyte - binder - antibinder-binder-label 

Membrane-biotin streptavimn-binder - analyte - antibinder-binder-label 

Scheme 3: Competitive 
Apparatus 
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active area of the membrane and pass through the cell. Clearly , this is not the only geometry in which this cell could be 
constructed. 

Labeling Techniques 

5 As noted above, the labeling system can be any suitable system for labeling in immunoassays. Suitable systems 

include those using labels such as chromogens, catalyzed reactions, chemiluminesence, radioactive labels, and magnetic 
beads. In a preferred embodiment the force differentiation assay (Serial No. 09/008,782) will be used to detect the 
analyte. 

10 Chromogens 

Chromogens include compounds which absorb light in a distinctive range, so that a color may be observed, or 
emit light when irradiated with light of a particular wavelength or wavelength range e.g. fluorescers. 

Colloidal particles such as nanometer scale gold are excellent chromogens. Further, magnetic-polymer 
composites will also adsorb light 
15 The choice of dye may be varied widely, being primarily chosen to provide an intense color with minimum 

absorption by the immunosorbing zone support Illustrative dye types include quinoline dyes, triarylmethane dyes, 
acridine dyes, alizarin dyes, phthaleins, insect dyes, azo dyes, anthraquinoid dyes, cyanine dyes, phenazathionium dyes, 
and phenazoxonium dyes. 

A wide variety of fluorescers may be employed either by themselves or in conjunction with quencher molecules. 

20 Fluorescers of interest fall into a variety of categories having certain primary functionalities. These primary 

functionalities include 1- and 2-aminoaphthalene, p,p'-diaminostilbenes, pyrenes, quaternary phenanthridine salts, 9- 
aminoacridines, p,p'-diaminobenzophenone imines, anthracenes, oxacarbocyanine, merocyanine, 3-aminoequilenin, 
perylene, bis-benzoxazole, bis-p-oxazolyl benzene, 1,2-benzophenazin, retinol, bis-3-aminopyridinium salts, 
hellebrigenin, tetracycline, sterophenol, benzimidazolylphenylarnine, 2-oxo-3-chromen, indole, xanthene, 7- 

25 hydroxycoumarin, phenoxazine, salicylate, strophanthidin, porphyrins, triarylmethanes and flavin. 

Individual fluorescent compounds which have functionalities for linking or can be modified to incorporate such 
functionalities include dansyl chloride, fluoresceins such as 3,6-dihydroxy-9-phenylxanthhydrol, 
rhodamineisothiocyanate, N-phenyl l-arnino-8-sulfonatonaphthalene, N-phenyl 2-amino-6-siilfonatonaphthalene, 4- 
acetamido^-isothiocyanatostilbene-2,2 , -disulfonic acid, pyrene-3-sulfonic acid, 2-toluidinonaphthaIene-6-sulfonate, N- 

30 phenyl, N-methyl 2-aminonaphthalene-6-sulfonate, ethidium bromide, atebrine, auromine-0, 2-(9 , -anthroyl)palmitate, 
dansyl phosphatidyletlianolamine, N JM'-dioctadecyl oxacarbocyanine, N^J'-dihexyl oxacarbocyanine, merocyanine, 4-(3- 
pyrenyl)butyrate, d-3-aminodesoxyequilenin, 12-(9-anthroyl)stearate, 2-methylanthracene, 9-vinylanthracene, 2,2- 
(vinylene-p-phenylene)-bis-benzoxazole, p-bis[2-(4-methyl-5-phenyloxazolyl)]benzene, 6-dimethylamino- 1 ,2- 
benzophenazin, retinol, bis(3-aminopyridinium) 1,10-decandiyI diiodide, sulfonaphthyihydrazone of hellebrigenin, 

35 chlortetracycline, N-(7-dimethylamino-4-methyl-2"Oxo-3-chromenyl) maleimide, N-[p-(2-benzimidazolyl)- 
phenyl]maleimide, N-(4-fluoranthyl) maleimide, bis(homovanillic acid), resazarin, 4-chloro-7-nitro-2. 1 .3- 
benzooxadiazole, merocyanine 540, resorufin, rose bengal, and 2,4-diphenyl-3(2H)-furanone. 
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indicated previously, by appropriate choice of the catalyst at the surface, a greater number of reagents may be combined 
in a single formulation. 

Chemiliuninescers 

5 An alternative source of light as a detectible signal is a chemOuminescent source. The chemi luminescent source 

involves a compound which becomes electronically excited by a chemical reaction and may then emit light which serves 
as the detectible signal or donates energy to a fluorescent acceptor. 

A diverse number of families of compounds have been found to provide chemilurninescence under a variety 
of conditions. One family of compounds is 2,3-dihydro-l,-4-phthalazinedione. The most popular compound is luminol, 

10 which is the 5-amino compound. Other members of the family include the 5-animo-6,7,8-trimethoxy- and the 
dimethylamino[ca]benz analog. These compounds can be made to luminesce with alkaline hydrogen peroxide or calcium 
hypochlorite and base. Another family of compounds is the 2,4,5-triphenylimidazoles, with lophine as the common name 
for the parent product Chemiluminescent analogs include para-dimethylamino and -methoxy substituents. 
Chemilurninescence may also be obtained with oxalates, usually oxalyl active esters e.g. p-nitrophenyl and a peroxide 

1 5 e.g. hydrogen peroxide, under basic conditions. Alternatively, luciferins may be used in conjunction with luciferase or 
lucigenins. 

Radioactive Levels 

Various radioisotope find common use. These include tritium ( 3 H), radioactive iodine C 125 1), radioactive carbon 
20 ( 14 C), radioactive phosphorus ( 32 P); or the like. Methods for labeling of compounds with radioactive labels are well 
known in the art. 

Magnetic Bead Labeling 

Magnetic beads can be used as labels for immunoassays. U.S. Patent No. 5,807,758 describes one method of 
25 using magnetic beads as labels, where modified beads will selectively bind to a modified cantilever, depending on 
whether the analyte is present. An applied magnetic field will exert a force on the cantilever, which may be detected using 
conventional techniques for measuring cantilever deflection. 

Preferably, the force differentiation assay, described in co-pending Application No. 09/008,782, is used. In this 
technique, the membrane and the magnetic beads are modified with specific binding agents, so that these bead modifiers 
3 0 will have a binding affinity for the membrane modifiers in the presence of the analyte species, and a measurably different 
binding affinity for the membrane modifiers in the absence of the analyte species. The beads and the test sample are 
introduced into the test vessel, and an adjustable magnetic field source is used to apply a magnetic force to the beads. 
An imaging system is used to determine whether the beads are bound to the membrane, thereby testing for the analyte. 
Referring to FIG. 4, depicting a sandwich assay configuration for the present invention, a nanoporous membrane 
35 10 is disposed in a test vessel, dividing the test vessel into two volumes 48, 50. Magnetic beads 19 are disposed in the 
vessel, within the first volume 48. 

The beads 19 are modified with molecules which are referred to herein as bead modifiers 23, and the membrane 
10 is modified on the side facing the first volume with membrane modifiers 12. Both of these types of modifiers will be 

10 
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Additionally, the imaging system for the present invention preferably has the capacity to discriminate between 
single beads on the substrate and clusters of two or more beads on the substrate, based on their size. It has been 
discovered that non-uniform surface chemistries and magnetic fields of the structures taught by Rohr produce the 
following non-ideal behavior. 

5 Brownian motion causes the beads to move on the surface. This motion leads a significant fraction of the beads 

to form dimers and aggregates, if the beads are "sticky" (i.e., tend to stay together once they are brought together). 

Multibody interactions in these aggregates lead to enhanced magnetization of the clusters when the B field is applied, 

and greatly accelerates their displacement Image analysis allows one to identity the level of aggregation and correct for 
its effects. It should be noted that the traction of beads as monomers and aggregates is strongly related to the amount of 
10 analyte on the surface and the nonspecific adhesive properties of the surfaces; therefore, aggregation can also be used 
to independently determine analyte concentration and surface properties. 

Furthermore, under all but the most ideal circumstances a fraction (2-20%) of the beads adhere to the surface 
nonspecifically, even under high forces (> 2 pN). It has been observed that these beads capture other beads that move 
laterally in the solution, and thus form string shaped aggregates. Image analysis makes it possible to identify these 
1 5 aggregates and discard them from consideration. Detection techniques that measure integrated signals can not distinguish 
these beads from specifically bound beads. 

Nonspecific adhesion between beads, and between beads and the membrane, appears to increase when the beads 
are loaded with proteins, which suggests protein-protein interactions are the primary source for this adhesion. 

It has been discovered that a commercially available microscope (Axiovert 1 00 microscope with a 63x Acroplan 
20 objective, Carl Zeiss, One Zeiss Dr., Thornwood, NY 10594), electronics (VE-1000 CCD72 black/white video system 
from D AGE-MTI, Michigan City, IN; DT 3 152 Fidelity PCI frame grabber, Data Translation, 100 Locke Dr, Marlboro, 
MA 01752-1192), image analysis software (Image-Pro Version 2.0, Media Cybernetics, 8484 Georgia Ave., Silver 
Spring, MD 20910), and computer (Pentium 66 MHz Computer with 1 GB hard drive) will reliably identity 
superparamagnetic 2.6 micron diameter beads and clusters thereof. Once clusters have been identified, they can be 
25 ignored, i.e. discounted from further analysis. Thus, when the position of the beads is monitored (i.e., monitored for 
whether the beads are bound or unbound to the substrate), only single beads will be analyzed, dramatically improving 
the accuracy of the detector. 

It has further been discovered that beads imaged through such a microscope may be monitored for movement, 
and that unbound beads will move over short time scales, a fraction of a second or a few seconds, permitting these beads 
30 to be identified as unbound, and likewise discounted from further analysis. 

The magnitude of the adhesive force between the bead and surface is determined by several factors, i.e., the 
magnitude of the nonspecific forces, the number of specific molecular interactions linking the bead to the surface and 
the manner in which these interactions are stressed. 

Surface modification chemistries (described below) have been developed that consistently produce very low 
35 nonspecific adhesive forces in a majority of beads. Typically, 80-98% of the beads can be removed from a surface at 
force equivalent to their buoyant weight, i.e., «40 femtoNewtons (fN) in the case of Dynal's M280 beads. The number 
of specific molecular interactions linking a bead to the surface will depend on the density and flexibility of ligands and 
receptors on the bead and surface. 
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The samples were analyzed using a Carl Zeiss Axiovert 100 TV inverted microscope fitted with a motorized 
stage (Ludl Electronics, NY). A custom written software program operated the reader, this enabled computer control of 
hardware via a serial port The image analysis was performed in real time by accessing routines provided by Image Pro 
plus, version 3.0 commercial imaging software (Media Cybernetics). The membrane was analyzed in 3 positions 
consisting of a 128x96 mm area at a distance of 200 um apart using a water immersion objective (63x), 0.9 numerical 
aperture (NA) (Carl Zeiss) before and after exposure to the magnet A magnetic force, was applied using a NdFeB block 
magnet (Magnet Sales and Mfg. Co., Culvert City, CA) magnetized perpendicular to the substrate. The magnet was 
placed 0. 1 mm from the surface for 10 seconds to remove unbound beads from the sample surface. The remaining beads 
were then counted. 

The standard curve was constructed from these data and was expressed as the percentage of beads bound to the 
surface after exposure to the magnetic force versus concentration of the analyte. The cut off values to determine whether 
a sample was positive or negative was calculated by taking the percent bound beads of the negative control, PBST 
solution, plus three standard deviations. The average binding for the various analytes are as follows (ng Ovalbumin) : 
1 ng = 81%, 0,1 ng = 41%, 0.01 ng = 26%, 0.001 ng = 1%, 0 ng = 2%. The results show a sensitivity of 0.01 ng for 
Ovdbumin. 

Example 3. MS-2 assay 

A functionalized membrane was incubated with the capture antibody, goat antibody -( MS-2)- streptavidin 
conjugate, and rinsed with PBST as stated in Example 1. Follow the same procedure as stated in Example 2 with these 
few exceptions: capture antibody used was goat antibody-( MS-2)-streptavidin conjugate; analytes =MS-2 = 0, 10 5 , 10 4 , 
10 3 pfu/ml; sandwiching antibody, Rabbit-antibody -MS-2, was then added to the membrane (200 ul) at 1 ug/ml in 
PBST. The average binding for the various analytes are as follows (pru MS2) : 0 =4 % , 10 5 =66.5 %, 10* = 35.4%, 10 3 
=22% The results show a sensitivity for MS-2 exceeding 10 3 pfu/ml. 

Example 4. Bacillus globigii (BG) assay 

As previously noted, cellular disruption of bacteria, via chemical or mechanical means is preferred before the 
sample can be added to the reaction chamber. These methods include subjecting the bacterial cells to a hot detergent 
treatment, freeze-thaw cycles, bead mill-homogenization, or a commercially available bacterial protein extraction reagent 
(B-PER , Pierce). Since B. globigii is a spore forming bacteria, the most effective method of cell disruption is bead mill 
homogenization (18). 

A functionalized membrane was incubated with Rabbit antibody-(BG)-streptavidin conjugate and rinsed with 
PBST. In order to break apart B. globigii, the sample was first subjected to bead mill homogenization (18) . Glass beads 
(0.1-1 mm) were added to a 0.75 ml BG solution: 1 g glass beads per microcentrifuge tube. The sample was added to 
the bead beater (Mini-Bead Beater-8, Bio-Spec products) and mixed on 'Homogenize" for 3 minutes. The samples were 
then centrifiiged at 12,000 x g for 6 minutes. The supernatant was then removed and recentrifuged for 2 niinutes at 
12,000 x g to eliminate any extraneous glass particles. 

A novel method of cellular disruption involving glass beads was also used. The analyte solution was added to 
1 g of glass beads (0.1-1 mm) in a borosilicate glass culture tube and sonicated using a Branson Sonifier (Branson 
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Ulfraso^Corpo^ 

and centrifuged at 12,000 xg for 6 minutes. 

I ml of supernatant was removed and added to the filtration apparatus for incubation with the nationalized 
surface(ana*es = B G = 0, 1* 10.. ^aO-e^forS-lOn^utesandthenmteredusmgawateraspiratorforS 
mmutes. Unbound analyte was removed by washing the membrane 3 times with PBST, then a sandwiching antibody 

PBST, and rinsed with PBS. 

The membrane was then placed on a glass microscope slide, excess fluid was removed, and anti-goat faQ. 
^beadsdflntedmO^ 

^^^^^^^^^^^^^ 

: 0=14% , 10- 93% , W=66% l0 ^ % . Thesensitivity fora globigatMg lflUd J 

Example 5. Ova w presence ofMS-2 

wimPBST^d^^^ 

wth PBST as descnbed m Example 1. The same pn^edtue as stated in example 2 was followed with these few 
ex^uons: Captureantibody wasgo^ 

2ng/mlmPBST. The membrane was then washed three times withPBST.and rinsed withPBS 

^ --brane was then placed on a glass microscope slide, excess fluid was removed, and anti-rabbit IgG- 

^ ^ 3SS3yS Sh ° W 2 ^ ° f ,0% ^ Wnding - ™ S k ™* — * -eric 



Example 6. OVA assay-with filtration of 2 nd Antibody 

4 ™ ST " deSCnbed m 6Xample L ™» — ~ — Placed into the glass microfilter holder and a 1 mL 

The .alyte so.ut.on was then filtered using a water aspirator for 5 minutes. Immediately following filtration of the 
analytetfce^^ 

lpg(0^ov^ 

the anubody at the interface. The membrane was then washed three times with PBST, and rinsed with PBS The 
m^ranew^ 

descnbedmExam P ,e2.The re su,ts were as follows (ng Ovalbumin) :0= 15%; 1 =81%; 0.01 =55%. The sensitivity 
of the Ovalbumm assay with filtration of 2- antibody was 0.01 ng. 
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Obviously, many modifications and variations of the present invention are possible in light of the above 
teachings. It is therefore to be understood that, within the scope of the appended claims, the invention may be practiced 
otherwise than as specifically described. 
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Claims 



1- A sensor for a selected analyte in test solution, comprising: 
a test vessel; 

different^ M v * yf0r&emembme ^ erem * e P^eoftheanaIyte,andameasu ra bly 
different bmdmg affimty for said membrane modifier, in the absence of the analyte- 

apressure source, for drivings test -Men from said fct vo,ume into said second volume; and 
a label detectmg systems 

2. The sensor of claim 1, wherein said membrane has pores not greater man 25 nm in diameter. 

3. The serasor of clatol.wheremsddmembrane has pores no^ 

4. The sensor of claim 1. wherein said membrane has a pore density of at least 10'Vm*. 

5. The sensor of claim 1, wherein said membrane has a pore density of at least 10*/m>. 

6. The sensor of Cairn 1, wherein said membrane is essentially flat and opticaUy translucent. 

7. The sensor of claim 1, wherein said membrane supports a 100 kPa pressure load. 

8. The sensor of claim 1, wherein said membrane is an etched aluminum membrane. 

9. The sensor of claim 1, wherein said membrane modifiers are selected from n. 



11. The sensor of claim 1; 

^emsaidsensorfuxmercomprisesanadj 
magnetic field for exerting a force on said beads; and ucmg an adjustable 
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wherein said labels comprise one or more magnetically active beads which have been chemically modified by 
attachment of bead modifiers capable of undergoing a selective binding interaction, wherein said bead modifiers will 
have a binding affinity for said membrane modifiers in the presence of said analyte, and a measurably different binding 
affinity for said membrane modifiers in the absence of said analyte; 

wherein said label detecting system comprises an imaging system, adapted for observing individual beads bound 
to said substrate. 

12. The sensor of claim 11, wherein said imaging system comprises an optical microscope, a digital image acquisition 
system, a digital image processing system, for identifying images of beads, and a counting system adapted for counting 
images of beads. 

13. The sensor of claim 1 1 wherein said beads have an average diameter between about 0.2 |im and about 200 [lm. 

14. The sensor of claim 11, wherein said adjustable magnetic field source is adapted for applying a field on said 
magnetically active beads that is essentially normal to said membrane. 

15. A sensor for independently detecting a plurality of analytes in a test solution, comprising: 

a test vessel; 

a semipermeable membrane with pores for retaining the analyte, dividing said test vessel into a first volume and 
a second volume, wherein said membrane is chemically modified by attachment of at least two distinct membrane 
modifiers on at least a side facing said first volume, wherein said at least two distinct membrane modifiers are patterned 
into an array of distinct regions on said membrane; 

at least two distinct groups of immunoassay labels disposed within said first volume, wherein each of said 
groups of immunoassay labels has distinct label binding ligands where these label binding ligands will have a binding 
affinity for one of said distinct membrane modifiers in the presence of the analyte, and a measurably different binding 
affinity for said one of said distinct membrane modifiers in the absence of the analyte; 

a pressure source, for driving said test solution from said first volume into said second volume; and 

a label detecting system, for detecting the presence or absence of said labels in each of said regions on said 
membrane. 

16. A method for detecting a selected analyte in test solution, comprising: 

flowing said test solution through a semipermeable membrane having pores for retaining the analyte, wherein 
said membrane is chemically modified by attachment of membrane modifiers, so that said analyte contacts said 
membrane modifiers; 

contacting said membrane with immunoassay labels, said immunoassay labels having label binding ligands, 
where these label binding ligands have a binding affinity for the membrane modifiers in the presence of the analyte, and 
a measurably different binding affinity for said membrane modifiers in the absence of the analyte; and 



18 



WO 02/04918 

PCT/US01/22531 



detecting the presence or absence of said labels on said membrane. 
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FIG. I 
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